Epigenetic dysregulation of leukaemic HOX code in MLL-rearranged leukaemia mouse model.
HOX genes are frequently dysregulated in human leukaemia with the gene rearrangement between mixed lineage leukaemia (MLL) and partner genes. The resultant MLL fusion proteins are known to mediate leukaemia through disruption of the normal epigenetic regulation at the target gene loci. To elucidate the pathogenic role of MLL fusion proteins in HOX dysregulation in leukaemia, we generated a novel haematopoietic lineage-specific Mll-Een knock-in mouse model using a Cre-mediated inversion strategy. The Mll(Een) (/+) invertor mice developed acute myeloid leukaemia, with organomegaly of the spleen, liver and mesenteric lymph nodes caused by infiltration of blast cells. Using Mll-Een-expressing leukaemic cell lines derived from bone marrow of Mll(Een) (/+) mutant mice, we showed that induction of Hox genes in leukaemic cells was associated with hypomethylated promoter regions and an aberrant active chromatin state at the Hox loci. Knock-down of Prmt1 was insufficient to reverse the active chromatin status and the hypomethylated Hox loci, suggesting that Prmt1-mediated histone arginine methylation was only partially involved in the maintenance of Hox expression in leukaemic cells. Furthermore, in vivo analysis of bone marrow cells of Mll(Een) (/+) mice revealed a Hox expression profile similar to that of wild-type haematopoietic stem cells. The leukaemic Hox profile was highly correlated with aberrant hypomethylation of Hox promoters in the mutant mice, which highlights the importance of DNA methylation in leukaemogenic mechanisms induced by MLL fusion proteins. Our results point to the involvement of dynamic epigenetic regulations in the maintenance of the stem cell-like HOX code that initiates leukaemic stem cells in MLL-rearranged leukaemia. This provides insights for the development of alternative strategies for leukaemia treatment.